It is well recognized that until bladder tumours have reached a fairly advanced stage it is relatively difficult to make a firm prognosis for an individual patient. This is particularly true of the well differentiated tumours of comparatively low malignancy. Whilst many may recur only after a long interval and with little change in their histology, others pass rapidly to a high grade of malignancy. In Leeds we are making an investigation of the composition of the tumour cell populations in bladder cancer. This is being undertaken to see whether such information can be helpful for the understanding of the biology of the disease and give fresh clues to the possible prognosis.
Chromosome analysis is of value in the study of the evolution of solid tumours, and this approach has been used by Shigematsu (1965) and Lamb (1967) for the study of human bladder cancer. However, the paucity of mitoses in well differentiated tumours means that chromosome analysis is often impracticable, except in the more rapidly growing advanced tumours.
On the other hand, the composition of the tumour can be readily investigated using microdensitometric measurements of the DNA content of interphase cells, and the proliferation judged from the percentage of cells incorporating 3H-thymidine (3H-TdR) into the DNA. The latter can be measured from autoradiographs of cells which have been incubated with the label in vitro, 3H-TdR being incorporated only by the cells that are synthesizing DNA. Details of the use of these techniques in the analysis of bladder cancer have been published elsewhere (Levi et al. 1969) .
Normal somatic tissue cells are diploid (2n) containing 46 chromosomes. Normal bladder epithelium is polyploid, that is, it contains cells with diploid (2n), tetraploid (4n) and a few octoploid (8n) cells. Polyploidy appears to be a feature of mammalian bladder epithelium as judged from observations on several species of laboratory animals. Investigation of these animals indicates that cells of all the different ploidy levels can divide when the epithelium is injured, although the normal turnover rate of bladder epithelium is very slow.
The distribution of DNA contents of bladder tumours has been compared to the values for small lymphocytes, which are convenient, nondividing, diploid cells. The more well differentiated tumours had tumour populations with well defined modal DNA contents. The anaplastic solid tumours were often composed of a very aneuploid, heterogeneous cell population, so that no modal value could be resolved.
Details of the distribution of the DNA content in 30 bladder tumours are shown in Table 1 .
Certain features of this analysis are of interest. The most differentiated tumours have DNA contents that are within normal diploid limits; only one tumour had a tetraploid mode, yet in normal bladder epithelium there are approximately equal numbers of diploid and tetraploid cells. Shigematsu (1965) and Lamb (1967) have reported that bladder tumours may have 46 chromosomes, the normal diploid number; in our experience, such cells are usually pseudodiploid, showing considerable variation of chromosome morphology.
It will be seen that throughout the series there are tumours that show a remarkable conservation of their DNA content, despite a very marked dedifferentiation and loss of papillary structure, with acquisition of the ability to invade deep into the bladder muscle. In the solid anaplastic bladder tumours conservation of a diploid mode was the exception rather than the rule. These measurements have indicated that for each group of tumours, where the grouping has been on a combined clinical and histopathological assessment, there is variation in the tumour cell population. The broad pattern of evolution of the changes from minimal deviation to gross aneuploidy is similar to several other types of tumour in man that have been studied in detail (Yamada etal. 1966 ).
Tritiated thymidine labelling indices showed considerable variation. The means and limits of the percentages of cells synthesizing DNA were as follows: well differentiated noninvasive 0 5-9, mean 3-2; well or moderately well differentiated invasive 10-9, mean 4-4; solid anaplastic 1-017, mean 6-5. There was considerable variation in the labelling of these tumours, and in the solid tumours this variation of cell division generally mirrored the frequency of mitoses in the specimen. These results indicate that the rate of cell division is fairly slow in bladder cancer. Those tumours with high labelling indices are not necessarily increasing their total tumour cell population rapidly, but may be proliferating because of the high rate of tumour cell loss by cell death or desquamation.
These studies have shown that there is considerable variation in the individual composition and proliferative activity of bladder tumours that would be classified as being similar from a clinical and histological point of view.
As yet, it is premature to say whether the information can be of use in assessing prognosis, for until evolution of the tumours is followed in individual patients throughout their tumourbearing life, the true significance of these changes will remain obscure. Nevertheless, the technique appears to be a useful adjunct to the study of bladder cancer in man.
